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Abstract 
Elliptical redrawing is an essential intermediate forming operation in producing flat-type case products. In this work, two 
forming schemes were investigated, namely direct elliptical redrawing from circular and elliptical cups. Cold-rolled steel sheet 
SPCE was used as the workpiece. Finite element software DYNAFORM was used in simulating the two forming schemes. The 
thickness distribution both along the major and minor axes was evaluated. The flange geometry of the redrawn cups was 
examined from the experiments. An analysis of eccentric redrawing was proposed to help explain the difference in the thickness 
distribution and the flange geometry along the major and minor axes of the two forming schemes. The results indicate that 
elliptical redrawing from elliptical cups can be adopted in the design of redrawing schemes to reduce the thinning and 
consequently the risk of fracture at the major axis—the most vulnerable part during elliptical redrawing. 
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1. Introduction 
Elliptical redrawing is an essential intermediate forming operation in producing flat-type motor cases or flat-
type battery shells, etc. Large aspect ratios are the common features of these products. The conventional design for 
the forming stages starts with initial drawing with a small aspect ratio (the ratio of the major to minor axis for 
ellipses) and followed by redrawing gradually with larger aspect ratios, as shown in Fig. 1. Such measure causes a 
problem in serious thinning at the cup corner along the major axis because drawing stress usually aggravates near 
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the major axis. Therefore, the redrawing ratios have to be reduced to avoid early fracturing at the major axis and 
consequently the overall forming stages increase. 
 
 
  
(a) Ellipse (b) Rectangle 
Fig. 1. Examples of elliptical redrawing. 
Huang and Lu (2011) showed that the limit drawing ratio of punch perimeter is 2.136 for the elliptical cup 
drawing of a circular stainless blank. Fracture occurs at the cup corner along the major axis because the drawing 
stress concentrates near the major axis due to the corresponding smaller radius of curvature on the punch. Parsa et 
al. (1994) showed that the limit drawing ratio of direct redrawing increases with a decreasing intake angle. The 
intake angle is controlled by the cup-holder and die shoulder radii. Kang and Park (2002) and Park and Yarlagadda 
(2005) used elliptical redrawing in developing flat-type motor cases used in automobiles. Kim et al. (2001) showed 
that the drawing ratio across the minor axis is larger than that of the major axis in elliptical redrawing. This causes 
early contact between the cup and die at the minor axis and consequently causes tearing at the major axis and 
wrinkling at the minor axis. The redrawn quality can be improved by both modifying the die geometry and 
increasing punch’s shoulder radius at the minor axis. Similar modification on the die geometry has been adopted 
by Kang and Ku (2011) by using smaller intake angles at the major axis and larger intake angles at the minor axis. 
In this work, two forming schemes were investigated, namely direct elliptical redrawing from circular and 
elliptical cups. The purpose is to evaluate the thinning characteristics at the cup corner of the two redrawing 
scheme. Finite element software DYNAFORM was used in simulating the two forming schemes. The thickness 
distribution both along the major and minor axes was evaluated. The flange geometry of the redrawn cups was 
examined with the experiments. An analysis of eccentric redrawing was proposed to help explain the thickness 
distribution and the flange geometry along the major and minor axes of the two forming schemes. 
2. Methods 
2.1. Elliptical redrawing 
Two direct redrawing schemes were investigated, namely elliptical redrawing from circular cups (C/E Scheme) 
and elliptical redrawing from elliptical cups (E/E Scheme). Punch dimensions and drawing ratios of the respective 
schemes are shown in Table 1. The C/E Scheme is similar to the conventional redrawing schemes in which the 
drawing ratio of the major axis (60/50 = 1.2) is smaller than that of the minor axis (60/40 = 1.5). Whereas the E/E 
Scheme is the proposed scheme in which the drawing ratio of the major axis (62.5/50 = 1.25) is the same as that of 
the minor axis (50/40 = 1.25). Both Schemes use the same final punch geometry which yields a total drawing ratio 
of perimeter of 2.66. Fig. 2 shows the schematics of the respective stages. 
Cold-rolled steel SPCE sheet of 1.6 mm thick and 120 mm in diameter was used as the workpiece. The strain 
ratios (Lankford coefficients) r0, r45 and r90 are 2.23, 1.4 and 1.88, respectively. The rolling direction was aligned 
with the minor axis. Finite element software DYNAFORM was used in simulating the two forming schemes. The 
variation of thickness both along the major and minor axes was evaluated after each redrawing operation. The 
flange geometry of the redrawn cups was examined with the experiments. Table 2 shows the parameters used in 
the simulation and tool trial-out. Fig. 3 shows the representative modeling for the C/E Scheme in the DYNAFORM 
simulation. 
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Table 1. Punch dimensions and drawing ratios (DR) of respective schemes. 
Scheme Punch geometries Dimensions (mm) DR, cross-sectional 
Perimeter 
(mm) 
DR, 
of perimeter 
DR, 
total, E1E2
Redrawing from 
circular cup 
(C/E Scheme) 
Stage 1 Circular punch I60   E1= 
Stage 2 Elliptical punch II Major axis, 50 Minor axis, 40 


141.81 E2=1.33 2.66 
Redrawing from 
elliptical cup 
(E/E Scheme) 
Stage 1 Elliptical punch I Major axis, 62.5 Minor axis, 50 


177.26 E1=2.13  
Stage 2 Elliptical punch II Major axis, 50 Minor axis, 40 


141.81 E2=1.25 2.66 
 
 
  
(a) Redrawing from circular cup (C/E Scheme) (b) Redrawing from elliptical cup (E/E Scheme) 
Fig. 2. Schematics of respective stages. 
 
 
Table 2.  Parameters used in simulation and tool trial-out. 
Parameters Stage 1 Stage 2 
Drawing depth (mm) 70 90 
Blank holder force (kN) 16 0 
Punch/die clearance (mm) 1.76 1.80 
Punch shoulder radius, (mm) 8 8 
Die shoulder radius, (mm) 12 8 
 
 
Fig. 3. Modeling for the C/E Scheme in DYNAFORM simulation. 
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2.2. Eccentric redrawing 
An analysis of eccentric redrawing is proposed to help explain the discrepancies between the two forming 
schemes in the thickness distribution and the flange geometry along the major and minor axes. Fig. 4(a) shows the 
radius of curvature at the end-point of the major axis for the redrawing is 20 mm, and it is to be used as the 
corresponding radius for the “virtual” cylindrical punch. Similarly, Fig. 4(b) shows the radius of curvature at the 
end-point of the minor axis for the redrawing is 25 mm, and it is to be used as the corresponding radius for the 
“virtual” cylindrical punch. Therefore, there is an approaching eccentricity along the major axis and a departing 
eccentricity along the minor axis for the C/E Scheme. Fig. 5(a) shows the radii of curvature at the end-point of the 
major axis for the initial drawing and redrawing are 25 and 20 mm, respectively; Fig. 5(b) shows the radii of the 
minor axis are 31.25 and 25 mm, respectively. Therefore, there is a departing eccentricity along the major axis and 
an approaching eccentricity along the minor axis for the E/E Scheme. 
 
  
(a) Approaching eccentricity at major axis (b) Departing eccentricity at minor axis 
Fig. 4. Schematics of eccentric redrawing for C/E Scheme. 
 
 
(a) Departing eccentricity at major axis (b) Approaching eccentricity at minor axis 
Fig. 5. Schematics of eccentric redrawing for E/E Scheme. 
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3. Results and discussion 
3.1. Thickness distributions 
Figs. 6 and 7 show the final thickness distributions for the C/E and E/E Schemes, respectively. Fig. 6(a) shows 
serious thinning occurring at the corner of the major axis from the C/E Scheme. The thickness is about 1.3 mm, 
which is equivalent to a 20% reduction of thickness. The thinning is mild at the corner of the minor axis, as shown 
in Fig. 6(b). However, Fig. 7(a) shows mild thinning revealing at the corner of the major axis from the E/E Scheme, 
whereas apparent thinning occurs at the corner of the minor axis. Therefore, the E/E Scheme can reduce the 
thinning and hence the risk of fracture at the major axis—the most vulnerable part during elliptical redrawing. The 
results from the tool trial-out also show a similar trend of thickness distribution. For clarity’s sake, the 
experimental data are not plotted in Figs. 6 and 7.  
The thinning phenomenon can be explained by the unbalanced forming during eccentric redrawing. The FE 
simulation of eccentric redrawing in Fig. 6 also shows that the thickness distribution of the eccentric redrawing 
reveals serious thinning along the major axis because of the approaching eccentricity, and reveals mild thinning 
along the minor axis because of the departing eccentricity, as indicated by Fig. 4. In addition, The FE simulation of 
eccentric redrawing in Fig. 7 also shows that the thickness distribution of the eccentric redrawing reveals mild 
thinning along the major axis because of the departing eccentricity, and reveals serious thinning along the minor 
axis because of the approaching eccentricity, as indicated by Fig. 5. 
 
  
(a) Major axis (b) Minor axis 
Fig. 6. Thickness distribution of C/E Scheme. 
 
(a) Major axis (b) Minor axis 
Fig. 7. Thickness distribution of E/E Scheme. 
3.2. Flange geometry 
Figs. 8 and 9 show the side views of the flange geometry from the C/E and E/E schemes, respectively. Fig. 8 
shows that the flange is inclined at the major axis and flat at the minor axis, while Fig. 9 shows that the flange is 
flat at the major axis and inclined at the minor axis. Therefore, both the flange geometry and the thickness 
distribution (as seen in Figs. 6 and 7) exhibit differently as different schemes are adopted. In this work, the serious 
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thinning at the corner is not related to a large intake angle on the flange geometry as observed by Parsa et al. (1994) 
in their redrawing of circular cups. On the contrary, the current elliptical redrawing shows that serious thinning at 
the corner is accompanied with an inclined flange. Such phenomenon occurs at the major axis for the C/E Scheme 
and at the minor axis for the E/E Scheme. 
 
  
Fig. 8. Flange geometry of C/E Scheme. Fig. 9. Flange geometry of E/E Scheme. 
4. Conclusion  
Elliptical redrawing from circular cups (the C/E Scheme) reveals serious thinning at the corner of the major axis 
and mild thinning at the corner of the minor axis. Opposite results occur in the elliptical redrawing from elliptical 
cups (the E/E Scheme) in which mild thinning reveals at the major axis and serious thinning reveals at the minor 
axis. The serious thinning and the inclined flange geometry correspond to the approaching eccentricity while the 
mild thinning and the flat flange geometry correspond to the departing eccentricity. The results indicate that the 
E/E Scheme can be adopted in the design of the elliptical redrawing schemes to reduce the thinning and hence the 
risk of fracture at the major axis-the most vulnerable part during elliptical redrawing. 
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